Abstract. The prognosis of patients with renal cell carcinoma (RCC) and liver metastasis (LM) is poor. We evaluated the clinical characteristics, prognosis and prognostic factors of RCC patients with LM.
Introduction
Approximately 30% of patients with renal cell carcinoma (RCC) exhibit distant metastasis at initial presentation, whereas a further 30% of the patients develop metastases following nephrectomy (Nx) (1) . RCC patients develop metastases at various sites, including the lungs, lymph nodes, bone, brain and liver and their prognosis depends on the metastatic site. The frequency of liver metastasis (LM) in RCC patients is lower compared to that of metastasis to other sites, such as the lungs, lymph nodes and bone. The rate of LM was reported to be 9.3-18% (2-5). The prognosis of RCC patients with LM is poor and the median overall survival is 7.6-12 months, which is shorter compared to that of patients with metastasis to other sites (2) (3) (4) . Patients with metastatic RCC were treated with interferon and/or interleukin-2 during the cytokine era; however, the response rate to cytokine therapy was reportedly only 10-20% (4). Cytokine therapy was occasionally effective for lung or lymph node metastases; however, it was generally not effective for liver, brain and bone metastases. Local treatments are reportedly effective in certain RCC patients with bone and brain metastases (6, 7) . Combination therapy with radiation and zoledronic acid was shown to decrease the rate of skeletal-related events in RCC patients; reossification was also reported in some patients (8) . γ-knife surgery achieves good local control of brain metastasis from RCC. This procedure improves peritumoral edema and the survival rate of patients with multiple brain metastases (6, 9) . A definitive treatment for LM in RCC patients, however, has not been established. At present, tyrosine kinase inhibitors (TKIs) are used to treat metastatic RCC and the response is expected to be adequate when TKIs are used for organ metastases such as LM and brain metastases, which are considered to be extremely refractory to cytokine therapy (10, 11) . LM from RCC may grow rapidly and become life-threatening. Local treatments for LM may be beneficial for RCC patients. Long-term survival following surgical resection of a solitary LM was reported in RCC patients (12, 13) , although the efficacy of local treatments, such as surgical resection, radiofrequency ablation and transarterial embolization, was not fully evaluated. To the best of our knowledge, the number of studies focusing on the treatment of LM from RCC is currently limited.
In the present study, we evaluated the clinical characteristics, prognosis and prognostic factors in RCC patients with LM. We also aimed to determine the characteristics of RCC patients with LM who survived over a relatively long period, with particular focus on the clinical results of local treatments for RCC with LM.
Materials and methods

Patients and design.
We retrospectively reviewed the records of all the patients who underwent radical nephrectomy (RNx) or partial Nx for RCC between November, 1980 and April, 2013 at the National Defense Medical College, Tokorozawa, Saitama, Japan. Our cohort included 25 patients (21 men and 4 women; age at Nx, 59.4±12.4 years; range, 30-77 years) with LM at initial presentation or who developed LM following Nx. The clinicopathological factors were assessed for each patient using the patient database or clinical records. The factors evaluated included gender, age, treatment after LM presentation, Eastern Cooperative Oncology Group performance status (ECOG PS), histological characteristics, tumor grade, Fuhrman grade, microvascular invasion, histological tumor necrosis, sarcomatoid differentiation and biochemical parameters, such as hemoglobin level, platelet count, lactate dehydrogenase level, corrected calcium (Ca) level and C-reactive protein (CRP) level. All 25 patients underwent RNx. Local recurrence and metastases were monitored by postoperative examination of each patient every 3-6 months for the first 5 years and every 6-12 months thereafter. The follow-up included physical examination, laboratory tests, chest radiography, abdominal and chest computed tomography (CT) and, if indicated, radionuclide bone scanning. LM was confirmed using CT or magnetic resonance imaging in all the patients. The median follow-up duration was 28.9 months (range, 2.7-180.1 months). Cancer-specific survival (CSS) was calculated from the date of Nx to the date of death or the date of the last follow-up. Tumor staging was performed according to the 2009 TNM classification of the Union for International Cancer Control (14) . Tumor grades were assigned according to the General Rules for Clinical and Pathological Studies on Renal Cell Carcinoma in Japan (3-grade system) (15) . Furmann nucleolar grading was also performed (16) . This study was approved by the Ethics Committee of the National Defense Medical College (no. e-253). Consent was obtained for use of patient data.
Statistical analysis. All the calculations were performed using JMP 9.0 software for Windows (SAS Institute Inc., Cary, NC, USA). The results are expressed as means ± standard deviation. The CSS rates were calculated using the Kaplan-Meier method and compared using the log-rank test. P<0.05 was considered to indicate a statistically significant difference. The associations of clinicopathological parameters with death from RCC were assessed using the Cox proportional hazards regression model and summarized as hazard ratios (HRs) and 95% confidence intervals (CIs).
Results
Patient characteristics.
The clinicopathological characteristics of the patients are listed in Table I . The histopathological types were clear cell RCC in 24 cases and chromophobe RCC in 1 case. A total of 21 patients (84%) had histological grade 3 disease, while 24 (96%) had grade ≥3 disease according to the Fuhrman classification. The mean age at LM diagnosis was 62.6±12.1 years (range, 30-79 years). The interval from Nx to LM appearance was 38.1±55.9 months (range, 0-175.3 months) and the follow-up period between LM appearance and outcome was 16.6±17.6 months (range, 0.4-60.2 months). LM was present at the time of Nx in 8 and developed following Nx in 17 patients. The median CSS following LM diagnosis was 10.6 months. The patient survival rates at 1, 2 and 3 years were 40, 24 and 12%, respectively (Fig. 1) .
Factors affecting prognosis.
We next attempted to identify the clinical factors affecting the prognosis of RCC patients with LM. The Kaplan-Meier method revealed that the CSS rates were lower in patients with sarcomatoid differentiation (P=0.0015), ECOG PS ≥2 (P<0.0001), CRP levels ≥1.0 mg/dl (P=0.0018) and corrected Ca levels ≥10 mg/dl (P= 0.0031; Fig. 2 ). CSS was not significantly different between patients with LM at presentation and those who developed LM following Nx (P=0.1102), between patients with LM alone and those with multiple organ metastases (P=0.0578), between patients who were treated with TKIs and those who were not (P=0.7848) and between patients who underwent hepatic resection and those who did not (P=0.0912) (data not shown).
Univariate analysis of clinicopathological parameters and CSS.
The results of the univariate analysis for the association between clinicopathological parameters and CSS are presented Outcome with local treatment for LM. The characteristics of the 9 patients who underwent local treatment for LM are summarized in Table V . In patients 1 and 3, metastases were identified only in the liver and were completely eliminated; the survival duration was 55.1 and 22 months, respectively, as described above. Three patients who received local treatments but whose ECOG PS was >2 only survived for a short period of time. These data suggest that local treatment may be ineffective in patients with a poor ECOG PS. Four patients undergoing local treatment survived for >18 months. In those patients, the number of metastatic sites (patients 1, 2, 3 and 4) was relatively small. Two patients had a solitary LM, 1 had LM and local recurrence and 1 had LM, as well as lung and lymph node metastases.
Discussion
The prognosis of RCC patients with LM is extremely poor. Due to the poor prognosis, the clinical characteristics and treatment for LM have not been extensively investigated. Long-term survivors are rare among RCC patients with LM. However, it is crucial to investigate patients who have benefited from treatments such as local therapy and molecular-targeted therapy. During the cytokine era, there was no effective drug therapy for LM from RCC. TKIs are currently used for patients with metastatic RCC and patients with LM who have responded to TKIs have been reported (10, 17) . In the present study, 9 patients (36%) survived for ≥22 months following LM diagnosis. Of those 9 patients, 5 were treated with local LM therapies or TKIs. Local treatments and TKIs appeared to improve the prognosis of some RCC patients with LM. The multivariate analysis demonstrated that only ECOG PS ≥2 was an independent CSS predictor; therefore, patients with LM and ECOG PS ≥2 have a poor prognosis, even if they are treated with local and/or systemic therapies, including TKIs. In this study, we observed that the median CSS following LM appearance was 10.6 months. In previous studies, the median CSS following LM was 7.6-12.6 months (2-4), while the 1-year survival was 38.3% (2) . Those results are similar to ours. In the present study, however, we excluded patients who could not undergo Nx due to their deteriorated general condition caused by far-advanced disease, whereas the median CSS was only 10.6 months, indicating that the prognosis of RCC patients with LM is poor.
According to the multivariate analysis, ECOG PS ≥2 at LM appearance was an independent predictor of a shorter CSS. Among RCC patients with LM, those with a poor ECOG PS only survived for a short period of time. As shown in Table V , the 3 patients with ECOG PS ≥2 survived for <3 months following LM presentation. According to these results, all treatments appear to be ineffective for patients with ECOG PS ≥2.
In a proportion of patients with LM alone or a limited number of metastatic sites in addition to LM, local treatment of LM may prolong survival. We administered local treatments to 9 patients (36%) with LM (Table V) and their median Table III . Univariate and multivariate analysis for cancer-specific survival following liver metastasis (LM).
Univariate
Multivariate CSS was 11.7 months. The survival duration of patients with LM alone (patients 1 and 3) and those with LM and a limited number of additional metastases (patients 2 and 4) appeared to be longer compared to that of patients with far-advanced disease. We compared patients with LM alone to those with LM and metastases to other organ(s) and observed that CSS was longer in the former (median, 38.6 months) compared to that in the latter (median, 9.7 months), with the difference being borderline significant (P=0.0578). Two of the 4 patients (50%) with LM alone underwent local resection and their survival period following LM presentation was 55.1 and 22 months, respectively. LM from RCC occasionally grows rapidly and the patient's general condition deteriorates when LM becomes bulky. Therefore, local treatment of LM should be considered for patients with LM alone or those with LM and a limited number of additional metastases. Two patients (patients 2 and 9; Table IV ) survived for >20 months following hepatic resection for LM. Staehler et al (13) reported that the overall survival of RCC patients with LM alone who underwent hepatic resection was longer than that of those who did not undergo hepatic resection. Therefore, in RCC patients with LM alone, prognosis may be improved by hepatic resection. Furthermore, it was reported that in RCC patients, metachronous hepatic resection for LM prolonged overall survival compared to synchronous hepatic resection (18) . Based on those reports, aggressive hepatic resection should be recommended if a radiological cancer-free status is achieved.
In the present study, the 2 patients who were treated with TKIs survived for >20 months. TKIs were used by 6 of the 25 patients (24%) following LM diagnosis. CSS was not significantly different between patients treated with TKIs and those who were not. However, 1 patient (case 1 in Table IV) appeared to benefit from TKI treatment, with the size of the LM remaining stable for 5 years. In the 2 patients who were treated with TKIs and survived for >20 months, ECOG PS was 0. A proportion of RCC patients with LM may indeed benefit from TKI treatment. Therefore, in patients with an ECOG PS of <1, TKI treatment may be a viable option.
Two patients received cytokine therapy for multiple metastases, including LM, and survived for >26 months. However, such patients are a rare finding. The histological grade of the primary lesions in those 2 patients was 2 (3-grade system), without a high-grade component. As the growth rate of the metastatic lesions is likely to be slow, such patients may survive over a long period of time on cytokine therapy alone.
There were several limitations to this study. First, this was a retrospective study conducted at a single institution with a small number of RCC patients with LM. LM is relatively rare in patients with RCC and it is difficult to collect a sufficient sample size at a single institution. Therefore, a multi-institutional joint study is required to verify our findings. Second, this study excluded patients who did not undergo Nx. There were certain patients with far-advanced RCC and LM who survived for only a short period of time. In addition, the efficacy of molecular-targeted therapies, including TKIs, for such patients mus be evaluated in the future. However, despite these limitations, our study may have generated useful clinical data on this understudied type of cancer.
In conclusion, RCC patients with LM may benefit from local treatment of LM, such as surgical resection, if they have a limited number of metastatic sites in addition to LM and if their ECOG PS is favorable and stable. Indeed, a proportion of RCC patients with LM benefit from TKI therapy. By contrast, RCC patients with LM and an ECOG PS ≥2 appear to have a poor prognosis, regardless of any local or systemic treatment.
